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1983 Schulman [24] long-range per-
colation
1 $\mathbb{Z}^{d}l\emptyset$ long-range percolation
$\mathbb{Z}^{d}$ 2 $x,y$ $p(x, y\cdot)$ 2 open
bond $\langle x, y\rangle$ $1-p(x, y)$ open bond
open bond
$\langle x, y\rangle=\langle y, x\rangle$ open bond 2
$p(x, y)$ 2 $|x-y|=\Sigma_{i=1}^{d}|x_{i}-y_{i}|$
$0$
$p=\{p(n)\}_{n=1}^{\infty}$ $p(x, y)=$
$p(y, x)=p(|x-y|)$ $p$ $s,\beta>0$
$p(n)\sim\beta n^{-s}(narrow\infty)$ .
$\sim$ 1 $n$ $p(n)\in$
$[0,1)$
1 (
1 $\mathbb{Z}$ open bond )











( [14] ) Bond percolation
long-range
percolation $n$
$d\geq 2$ bond percolation $p(1)<1$
cluster 1 long-
range percolation $s,$ $\beta>0$ $P_{\infty}=1$
$p$
$d=1$ bond percolation cluster





$\bullet$ $0<s\leq 1$ $P_{\infty}=1$
$\bullet$ $1<s<2$ s $=2$ \beta >1 $P_{\infty}=1$ $P_{\infty}=0$
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$\bullet$ $r_{s=2}$ \acute \supset \beta \leq 1 $s>2$ $P_{\infty}=0$
$0<s\leq 1$
$x\in \mathbb{Z}$ $x$ open bond
1 1
$\mathbb{Z}^{d}(d\geq 2)$ $0<s\leq d$
$($ [15] [17] [18] $)$
cluster
$s>1$ open bond 1
1 $P$ $P_{\infty}=0$
$P$
$p(n)=\{\begin{array}{ll}1-\exp(-\beta n^{-2}) n_{\underline{i}}^{\sim}\cdot\cdot 2p n=1\end{array}$
$1<s<2$ , $s=2,$ $\beta>.1$ $p<1$
$P_{\infty}=1$ ([23]) $s=2,\beta\leq 1$ $p<1$
$P_{\infty}=0$ ([2]) [2] $\theta(p)$
cluster $s=2,$ $\beta>1$
$p_{c}(\beta)\in(0,1)$ $r_{p}>p_{c}(\beta)$ $\theta(p)\geq\beta^{-1/2},$ $p<p_{c}(\beta)$
$\theta(p)=OJ$ pc(\beta ){
Ising model [1] 1








$p(n)=1,$ $n$ $p(n)=0$ $\mathbb{Z}^{d}$ 2





$y\in \mathbb{Z}^{d}$ $\tau(x, y)$ connec-
tivity function cluster O. $p$
$\tau(x, y)$ $|x-y|arrow\infty$ $0$ 1
$P_{\infty}=0$ $c_{1},c_{2}$
$c_{1}|x-y|^{-s}\leq\tau(x,y)\leq c_{2}|x-y|^{-s}$
([2]) Bond percolation $\tau(x, y)$
$x,$ $y$
$\tau’(x, y)$ truncated connectivity
function [10][16][19]
4.3
$x,$ $y\in \mathbb{Z}^{d}$ open bond
$D(x, y)$ 2 chemical distance
$|x-y|arrow\infty$ $D(x, y)$ ‘ \ddagger .
1 $N$ $:_{\circ OX}[-N, N]^{d}$
$D(N)$ $Narrow\infty$
$p(1)=1$
[4] [5] [6] [7] [8] [11] $D(x, y)$ $D(N)$
$0<s<d$ (
$d/(d-s)$ )1 $s=d$ log $N/\log\log N$ d<s<2d.
$(\log N)^{\Delta}$ $($ $\Delta=l\circ g2/\log(2d/s))$ $s>2d$ $N$ $s=2d$
$N^{\delta}$ ( $\delta<1$ ) ( $D(x, y)$
. $N$ $|x$ – )
4.4 cluster random walk
cluster open bond
open bond
Markov (Simple random walk )
$d=1$ $1<s<2$ random walk $transient$ $s=2$
random walk $recurrent_{\backslash }$ $d=2$ $2<s<4$ random
walk $transient$ $s\geq 4$ random walk rccurrent ([3])
78
[9] [12] [20] [21] [22] [25]
[1] M.Aizenman, J.T.Chayes, L.Chayes, C.M.Newman. Discontinuity of the
magnetization in one-dimensional $1/|x-y|^{2}$ Ising and Potts models. Jour-
nal of Statistical Physics. 50 (1988), 1-40.
[2] M.Aizenman, C.M.Newman. Discontinuity of the percolation density in
one dimensional $1/|x-y|^{2}$ Percolation Models. Commun.Math.Phys. 107
(1986), 611-647.
[3] N.Berger. Transience, recurrence and critical behavior for long-range per-
colation. Commun.Math.Phys. 226 (2002), 531-558.
[4] N.Berger. A lower bound for the chemical distance in sparse long-range
percolation models. Preprint, (2004).
[5] I.Benjamini, N.Berger. The diameter of long-range percolation clusters on
finite cycles. Random Structures and Algorithms 19:2 (2001), 102-111.
[6] I.Bcnjamini, H.Kesten, Y.Peres, O.Schramm. Geometry of the uniform
spanning forest: Transitions in dimensions 4, 8, 12, $\cdots$ . Ann. Math. 160
(2004), 465-491.
[7] M.Biskup. Graph diameter in long-range percolation. Preprint, (2004).
[8] M.Biskilp. On the scaling of the chemical distance in long-range percola,-
tion models. Ann. Probab. 32 (2004), 2938-2977.
[9] B.Bollobas, S.Janson, 0.Riordan. Spread-out percolation in $\mathbb{R}^{d}$ . Preprint,
(2006).
[10] G.A.Braga, L.M.Ciolleti, R.Sanchis. Decay properties of the connectivity
for mixed long range percolation models on $\mathbb{Z}^{d}$ . Preprint (2006).
[11] D.Coppersmith, D.Gamarnik, . M.Sviridenko. The diameter of a one-
dimensional long-range percolation graph. Random Structures and Al-
gorithms 21 (2002), 1-13.
[12] S.Friedli, B.N.B.de Lima, V.Sidoravicius. On long range percolation with
heavy tails. Preprint (2004).
[13] A.Gandolfi, M.S.Keane, C.M.Ncwman. Uniqueness of the infinite compo-
nent in a random graph with applications to percolation and spin glasses.
Probab.Theory Relat. Fields, 92 (1992), 511-527.
79
[14] G.R.Grimmett. Percolation. (2nd edition). Springer 1999.
[15] G.R.Grimmett, M.Keane, J.M.Marstrand. On the connectedness of a ran-
dom graph. Math.Proc.Camb.Philos.Soc. 96 (1984), 151-166.
[16] J.Z.Imbrie, C.M.Newman. An intermediate phase with slow decay of cor-
relations in one-dimensional $1/|x-y|^{2}$ Percolation, Ising and Potts mod-
els. Commun.Math.Phys. 118 (1988), 303-336.
[17] S.Kalikow, B.Weiss. When are random graphs connected. Israel J. Math.
62 (1988), 257-268.
[18] H.Kesten. Connectivity of certain graphs on halfspaces, $qn$arterspaces, $\cdots$ .
Probability Theory (L.H.Y.Chen, K.P.Choi, K.Hu, J.H.Lou, eds.), de
Gruyter,Berlin. (1992), 91-104.
[19] D.H.U.Marchetti. Upper bound on the truncated connectivity in one-
dimensional $\beta/|x-y|^{2}$ percolation models at $\beta>1$ . Review of Mathe-
matical Physics. 7 (1995), 723-742.
[20] D.H.U.Marchetti, V.Sidoravicius,M.E.Vares. Or: ,nted percolation in one-
dimensional $\beta/|x-y|^{2}$ random cluster model at $\beta>1$ . Preprint (2006).
[21] R.Meester, J.E.Steif. On the continuity of the critical value for long range
percolation in the exponential case. Commun.Math.Phys. 180 (1996),
483-504.
[22] J.Misumi. Critical values in a long-range percolation on spaces like frac-
tals. Journal of Statistical Physics. 125 (2006), 877-887.
[23] C.M.Newman, L.S.Schulman. One dimensional $1/|j-i|^{s}$ percolation
models: the existence of a transition for $s\leq 2$ . Commun.Math.Phys. 104
(1986), $547^{r}-\phi 71$ .
[24] L.S.Schulman. Long range percolation in one dimension. J.Phys.A.Lett.
16 (1983), L639-L641.
[25] V.Sidoravicius, D.Surgailis, M.E.Vares. On the truncated anisotropic
long-range percolation on $\mathbb{Z}^{2}$ . Stochastic Processes and their Applications,
. 81 (1999), 337-349.
80
